EP 2 426 382 A1

(1 9) Européisches
: Patentamt

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

EP 2 426 382 A1

European
Patent Office

Office européen

des brevets (1 1 )

(43) Date of publication: (51) IntCl.:
07.03.2012 Bulletin 2012/10 F16H 61/02 (2006.01) F16H 61/662 (2006.07)
(21) Application number: 09844020.9 (86) International application number:
PCT/JP2009/058477

(22) Date of filing: 30.04.2009

(87) International publication number:

WO 2010/125676 (04.11.2010 Gazette 2010/44)

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HRHUIEISITLILT LULV MC MK MT NL NO PL
PT RO SE SI SKTR

(71) Applicants:
¢ Nissan Motor Co., Ltd.
Kanagawa 221-0023 (JP)
« JATCO Ltd
Fuji-shi
Shizuoka 417-8585 (JP)

(72) Inventors:
* DOIHARA, Katsumi
Fuji-shi
Shizuoka 417-8585 (JP)

¢« KODAMA, Yoshihisa
Fuji-shi
Shizuoka 417-8585 (JP)
e YOSHIKAWA, Yasuaki
Fuji-shi
Shizuoka 417-8585 (JP)

(74) Representative: Griinecker, Kinkeldey,

Stockmair & Schwanhausser
Anwaltssozietat
Leopoldstrasse 4

80802 Miinchen (DE)

(54) BELT BASED, CONTINUOUSLY-VARIABLE TRANSMISSION CONTROL DEVICE AND

CONTROL METHOD

(57)  Acontrol device and a control method for a belt
type-continuously variable transmission capable of pre-
venting a belt slip from occurring by restricting that an
input torque to the belt type-continuously variable trans-
mission is excessive relative to a belt clamp force when
returning from a belt slip control to a normal control are
provided are provided. The control device includes a pri-
mary pulley (42), a secondary pulley (43), and a belt (44)
and is configured to control a variable speed ratio deter-
mined by a running radius ratio of the belt (44) on the
pulleys by controlling a primary hydraulic pressure and
a secondary hydraulic pressure. In the belt type-contin-
uously variable transmission (4), there are provided a
normal control means (stepS1) to perform a normal con-
trol obtaining an actual secondary hydraulic pressure to
secure a belt clamp force based on an operating condi-
tion, a belt slip control means (stepS3) to perform a belt
slip control reducing the actual secondary hydraulic pres-
sure to be lower than that in the time of the normal control,
and a normal control-return control means (stepS5) to
perform a limitation to an input torque-change rate in
which an input torque to the belt type-continuously vari-
able transmission (4) changes in the increasing direction
when returning from the belt slip control to the normal

control, for a predetermined period from an initiation of
the return.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a device and a method for controlling a belt type-continuously variable trans-
mission to perform a belt slip control in which a belt wound around pulleys is slipped at a predetermined slip rate.

BACKGROUND ART

[0002] There is known a conventional belt type-continuously variable transmission controller in which an actual sec-
ondary hydraulic pressure is controlled based on a multiplier of an oscillation component included in the actual secondary
hydraulic pressure and an oscillation component included in a variable speed ratio, when performing a belt slip control
slipping a belt wound around pulleys at a predetermined slip rate by setting the actual secondary hydraulic pressure to
be lower than a hydraulic pressure during a normal control. This eliminates the necessity for directly detecting the belt
slip rate and thereby facilitates the belt slip control (see Patent Document 1, for example).

Prior Art Document
Patent Document
[0003]
Patent Document 1: WO 2009/007450 A2 (PCT/EP2008/059092)
Summary of the Invention
Problems to be Solved by the Invention

[0004] However, in such a conventional belt type-continuously variable transmission controller, because a method for
returning from the belt slip control to the normal control is not considered, there is possibility of generating the following
problem.

[0005] That is to say, although, when returning from the belt slip control to the normal control, the actual secondary
hydraulic pressure is increased from a hydraulic pressure during the belt slip control to a hydraulic pressure during the
normal control, when an input torque to the belt type-continuously variable transmission controller rapidly changes in
an increasing direction, while the actual secondary hydraulic pressure is increased to the hydraulic pressure at the
normal control, the input torque to the belt type-continuously variable transmission controller is excessive relative to a
belt clamp force, there is possibility of generating a belt slip.

[0006] The present invention is made in view of the above problem and it is an object thereof to provide a control
device and a control method for a belt type-continuously variable transmission capable of preventing a belt from slipping
by inhibiting that an input torque to the belt type-continuously variable transmission controller is excessive relative to a
belt clamp force when the belt type-continuously variable transmission is returned from a belt slip control to a normal
control.

Means to Solve the Problem

[0007] To accomplish the above object, a control device for a belt type-continuously variable transmission according
to the present invention includes a primary pulley for receiving an input from a drive source, a secondary pulley for
providing an output to a drive wheel, and a belt wound around the primary pulley and the secondary pulley, to control a
variable speed ratio determined by a running radius ratio of the belt on the pulleys by controlling a primary hydraulic
pressure to the primary pulley and a secondary hydraulic pressure to the secondary pulley. The control device for the
belt type-continuously variable transmission according to the present invention includes a normal control means to
perform a normal control obtaining an actual secondary hydraulic pressure to secure a belt clamp force based on an
operating condition, a belt slip control means to perform a belt slip control decreasing the actual secondary hydraulic
pressure to be lower than that in the time of the normal control, and a normal control-return control means to perform a
limitation to an input torque-change rate in which the input torque to the belt type-continuously variable transmission
changes in an increasing direction when returning from the belt slip control to the normal control, for a predetermined
period from a start of the return.
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Effects of the Invention

[0008] Consequently, according to the control device for the belt type-continuously variable transmission, when re-
turning from the belt slip control to the normal control, the input torque-change rate in which the input torque to the belt
type-continuously variable transmission changes in the increasing direction is restricted for a predetermined period from
the return initiation in the normal control-return control means. In other wards, because a control to slip positively a belt
in an allowable slip range is performed in the belt slip control, the belt clamp force is in a state lower than that in the
normal control time. When returning from the belt slip control to the normal control, if the input torque to the belt type-
continuously variable transmission is changed in the increasing direction, there is possibility that the input torque exceeds
the belt clamp force and therefore an excessive belt slip occurs. On the contrary, when returning from the belt slip control
to the normal control, by limiting the input torque-change rate changing in the increasing direction during a period from
an initiation of the returning until a predetermined time and inhibiting an increment in the input torque, it is restricted that
the input torque to the belt type-continuously variable transmission becomes excessive relative to the belt clamp force
in a period between the time of the belt slip control completion and a time at which the belt clamp force recovers to a
level atthe normal control time. Consequently, when returning from the belt slip control to the normal control, itis restricted
that the input torque to the belt type-continuously variable transmission is excessive relative to the belt clamp force,
thereby it is possible to prevent the belt slip from occurring.

Brief Description of the Drawings
[0009]

FIG.1 is a system view showing entirely a drive system and a control system of a vehicle incorporating a belt type-
continuously variable transmission applied with a control device and a control method according to an embodiment 1.
FIG.2 is a perspective view showing the belt type-continuously variable transmission mechanism applied with the
control device and the control method according to the embodiment 1.

FIG.3 is a perspective view showing a part of a belt of the belt type-continuously variable transmission mechanism
applied with the control device and the control method according to the embodiment 1.

FIG.4 is a control block diagram showing a line pressure control and secondary hydraulic pressure control (normal
control/belt slip control) executed by a CVT control unit 8 according to the embodiment 1.

FIG.5 is a basic flowchart showing a switching process between the normal control and the belt slip control (= BSC)
of the secondary hydraulic pressure executed by the CVT control unit 8 according to the embodiment 1.

FIG. 6 is a flowchart showing the entire belt slip control process executed by the CVT control unit 8 according to
the embodiment 1.

FIG.7 is a flowchart showing a torque limit process of the belt slip control process executed by the CVT control unit
8 according to the embodiment 1.

FIG.8 is a flowchart showing oscillation and a correction process of the secondary hydraulic pressure of the belt slip
control process executed by the CVT control unit 8 according to the embodiment 1.

FIG.9 is a flowchart showing entirely a returning process from the belt slip control to the normal control executed
by the CVT control unit 8 according to the embodiment 1.

FIG.10 is a flowchart showing the torque limit process of the return process to the normal control executed by the
CVT control unit 8 according to the embodiment 1.

FIG.11 is a flowchart showing a variable speed limitation process of a variable speed ratio setting a limitation to a
target primary revolution, of the return process to the normal control executed by the CVT control unit 8 according
to the embodiment 1.

FIG.12 is a timing chart showing a characteristic of a phase difference between a ratio oscillation and each of a
BSC operation flag, an SEC pressure F/B inhibition flag, an accelerator opening degree, a vehicle speed, an engine
torque, a Ratio, an SEC hydraulic pressure, a current correction amount of SEC_SOL, and an SEC pressure oscil-
lation in a driving scene returning from the normal control through the belt slip control and the return control to the
normal control.

FIG. 13 is a timing chart showing a characteristic of each of a driver request torque, a limited amount of torque, a
torque capacity, and an actual torque, explaining a torque limit operation according to a torque delay adopted in the
return control from the belt slip control to the normal control in the embodiment 1.

FIG.14 is a comparative characteristic view showing a target inertia torque without limitation and a target inertia
torque with limitation, in the variable speed limitation process for the variable speed ratio setting the limitation to the
target primary revolution adopted in the embodiment 1.

F1G.15 is a comparative characteristic view showing a target primary revolution without limitation and a target primary
revolution with limitation, in the variable speed limitation process of the variable speed ratio setting the limitation to
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the target primary revolution adopted in the embodiment 1.

FIG.16 is a comparative characteristic view showing a target variable speed ratio without limitation and a target
variable speed ratio with limitation which are finally produced in the variable speed limitation process for the variable
speed ratio setting the limitation to the target primary revolution adopted in the embodiment 1.

FIG.17 is a time chart showing a characteristic of each of an engine torque, a target primary revolution, an inertia
torque, and a drive shaft torque by a torque delay and a primary revolution rising rate limiter adopted in the return
control in the embodiment 1.

FIG.18 is a flow chart showing a variable speed limitation process of a variable speed ratio setting a limitation to a
time constant during the variable speed, of a return process to the normal control executed by a CVT control unit 8
in an embodiment 2.

FIG.19 is a time chart showing a characteristic of each of an engine torque, a target primary revolution, an inertia
torque, and a drive shaft torque by a torque delay and a time constant limiter on variable speed adopted in a return
control in the embodiment 2.

FIG.20 is a flow chart showing a variable speed limitation process for a variable speed ratio by a variable speed
delay, of a return process to the normal control executed by a CVT control unit 8 in an embodiment 3.

FIG.21 is a time chart showing a characteristic of each of an engine torque, a target primary revolution, an inertia
torque, and a drive shaft torque by a torque delay and a variable speed delay adopted in a return control in the
embodiment 3. Mode for Carrying Out the Invention

[0010] Hereinafter, a best mode to carry out a control device and a control method for a belt type-continuously variable
transmission will be described based on embodiments 1 to 3 with reference to the accompanying drawings.

Embodiment 1

[0011] First, a structure of the device is described. FIG.1 shows the entire system of a drive system and a control
system of a vehicle incorporating a belt type-continuously variable transmission mechanism 4 applied with a control
device and a control method according to the embodiment 1. FIG.2 is a perspective view of the belt type-continuously
variable transmission mechanism 4 applied with a control device and a control method according to the embodiment 1.
FIG.3 is a perspective view of a part of a belt of the belt type-continuously variable transmission mechanism applied
with the control device and the control method according to the embodiment 1. In the following system structures are
described with reference to FIGs.1 to 3.

[0012] InFIG.1, the drive system of a vehicle incorporating the belt type-continuously variable transmission comprises
an engine 1, a torque converter 2, a forward/backward drive switch mechanism 3, a belt type-continuously variable
transmission mechanism 4, a final reduction mechanism 5 and drive wheels 6, 6.

[0013] The output torque of the engine 1 is controllable by an engine control signal supplied from an exterior in addition
to by a driver’s acceleration operation. The engine 1 includes an output torque control actuator 10 to control an output
torque by a throttle valve opening/closing operation, a fuel cut operation and else.

[0014] The torque converter 2 is a startup element with a torque increasing function and includes a lockup clutch 20
to be able to directly connect an engine output shaft 11 (= torque converter input shaft) and a torque converter output
shaft 21. The torque converter 2 is comprised of a turbine runner 23 connected with the engine output shaft 11 via a
converter housing 22, an impeller pump 24 connected with the torque converter output shaft 21, and a stator 26 provided
via a one-way clutch 25.

[0015] The forward/backward drive switch mechanism 3 is to switch a rotary direction input to the belt type-continuously
variable transmission mechanism 4 between a normal rotary direction during forward traveling and a reverse rotary
direction during backward traveling. The forward/backward switch mechanism 3 includes a double pinion planetary gear
30, a forward clutch 31, and a backward brake 32. A sun gear of the double pinion planetary gear 30 is connected with
the torque converter output shaft 21 and a carrier thereof is connected with a transmission input shaft 40. The forward
clutch 31 is fastened during a backward traveling to fix a ring gear of the double pinion planetary gear 30 to the case.
[0016] The belttype-continuously variable transmission mechanism 4 has a continuously variable transmission function
to steplessly vary the gear ratio by changing a belt contact radius. A variable speed ratio is a ratio of the input revolution
rate of the transmission input shaft 40 and the output revolution rate of the transmission output shaft 41. The belt type
continuously variable transmission mechanism 4 includes a primary pulley 42, a secondary pulley 43, and a belt 44. The
primary pulley 42 is made up of a fixed pulley 42a and a slide pulley 42b. The slide pulley 42b is slid by primary hydraulic
pressure introduced into a primary hydraulic pressure chamber 45. The secondary pulley 43 is made up of a fixed pulley
43aand aslide pulley 43b. The slide pulley 43b is slid by primary hydraulic pressure introduced into a secondary hydraulic
pressure chamber 46. The belt 44 as shown in FIG.2 is wound around V-shaped sheave faces 42c, 42d of the primary
pulley 42 and V-shaped sheave faces 43c, 43d of the secondary pulley 43. In FIG.3 the belt 44 is formed of two laminated
rings 44a, 44a of which a large number of rings are layered from inside to outside as well as a large number of elements
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44b of press-cut plates placed between the two laminated rings 44a, 44a and connected with each other in a ring-form.
The elements 44b each includes, at both sides, flank faces 44c, 44c to contact with the sheave faces 42c, 42d of the
primary pulley 42 and the sheave faces 43c, 43d of the secondary pulley 43.

[0017] The final reduction mechanism 5 decelerates the transmission output revolution from the transmission output
shaft 41 of the belt type-continuously variable transmission mechanism 4 and provides a differential function thereto to
transmit it to the right and left drive wheels 6, 6. The final reduction mechanism 5 is interposed among the transmission
output shaft 41, an idler shaft 50, right and left drive shafts 51, 51, and includes a first gear 52, a second gear 53, a third
gear 54, and a fourth gear 55 with a deceleration function and a gear differential gear 56 with a differential function.
[0018] The control system for the belt type-continuously variable transmission comprises a transmission hydraulic
pressure control unit 7 and a CVT control unit 8, as shown in FIG.1.

[0019] The transmission hydraulic pressure control unit 7 is a hydraulic pressure control unit to produce primary
hydraulic pressure introduced into the primary hydraulic pressure chamber 45 and secondary hydraulic pressure intro-
duced into the secondary hydraulic pressure chamber 46. The transmission hydraulic pressure control unit 7 comprises
an oil pump 70, a regulator valve 71, a line pressure solenoid 72, a transmission control valve 73, a decompression
valve 74, a secondary hydraulic pressure solenoid 75, a servo link 76, a transmission command valve 77, and a step
motor 78.

[0020] The regulator valve 71 uses discharged pressure from the oil pump 70 as a pressure source to adjust line
pressure PL. The regulator valve 71 includes the line pressure solenoid 72 to adjust the pressure of oil from the oil pump
70 to a predetermined line pressure PL in response to a command from the CVT control unit 8.

[0021] The transmission control valve 73 uses the line pressure PL produced by the regulator valve 71 as a pressure
source to adjust the primary hydraulic pressure introduced into the primary hydraulic pressure chamber 45. A spool 73a
of the transmission control valve 73 is connected with the servo link 76 constituting a mechanical feedback mechanism
and the transmission command valve 77 connected with one end of the servo link 76 is driven by the step motor 78 so
that the transmission control valve receives feedback of a slide position (actual pulley ratio) from the slide pulley 42b of
the primary pulley 42 connected with the other end of the servo link 76. That is, during transmission or variable speed,
when the step motor 78 is driven in response to a command from the CVT control unit 8, the spool 73a of the transmission
control valve 73 is changed in position to supply/discharge the line pressure PL to/from the primary hydraulic pressure
chamber 45 to adjust the primary hydraulic pressure to acquire a target gear ratio commanded at the drive position of
the step motor 78. Upon completion of the transmission, the spool 73a is held at a closed position in response to a
displacement of the servo link 76.

[0022] The decompression valve 74 uses the line pressure PL produced by the regulator valve 71 as a pressure
source to adjust the secondary hydraulic pressure introduced into the secondary hydraulic pressure chamber 46 by
decompression. The decompression valve 74 comprises the secondary hydraulic pressure solenoid 75 to decompress
the line pressure PL to a command secondary hydraulic pressure in accordance with a command from the CVT control
unit 8.

[0023] The CVT control unit 8 is configured to perform various control such as a gear ratio control to output to the step
motor 78 a control command to acquire a target gear ratio in accordance with vehicle speed, throttle opening level and
else, a line pressure control to output to the line pressure solenoid 72 a control command to acquire a target line pressure
in accordance with the throttle opening level or else, a secondary hydraulic pressure control to output to the secondary
hydraulic pressure solenoid 75 a control command to acquire a target secondary pulley thrust in accordance with trans-
mission input torque or else, a forward and backward switch control to control the fastening and release of the forward
clutch 31 and backward brake 32, and a lockup control to control fastening and release of the lockup clutch 20. The
CVT control unit 8 receives various sensor information and switch information from a primary revolution sensor 80, a
secondary revolution sensor 81, a secondary hydraulic pressure sensor 82, an oil temperature sensor 83, an inhibitor
switch 84, a brake switch 85, an accelerator opening sensor 86, and other sensors and switches 87. Further, it receives
torque information from an engine control unit 88 and outputs a torque request to the engine control unit 88.

[0024] FIG.4 is a control block diagram of the line pressure control and secondary hydraulic pressure control (normal
control /belt slip control) executed by the CVT control unit 8 according to the embodiment 1.

[0025] The hydraulic pressure control system of the CVT control unit 8 in the embodiment 1 comprises a basic hydraulic
pressure calculator 90, a line pressure controller 91, a secondary hydraulic pressure controller 92, a sine wave oscillation
controller 93, and a secondary hydraulic pressure corrector 94, as shown in FIG.4.

[0026] The basic hydraulic pressure calculator 90 includes an input torque calculator 90a to calculate transmission
input torque on the basis of the torque information (engine rotary rate, fuel injection time and the like) from the engine
control unit 88 (FIG.1), a basic secondary thrust calculator 90b to calculate a basic secondary thrust (belt clamp force
necessary for the secondary pulley 43) from the transmission input torque obtained by the input torque calculator 90a,
a transmission required thrust difference calculator 90c to calculate a thrust difference required for transmission (a
difference in belt clamp force between the primary and secondary pulleys 42, 43), a corrector 90d to correct the calculated
basic secondary thrust on the basis of the required thrust difference for transmission, and a secondary hydraulic pressure



10

15

20

25

30

35

40

45

50

55

EP 2 426 382 A1

converter 90e to covert the corrected secondary thrust to a target secondary hydraulic pressure. It further includes a
basic primary thrust calculator 90f to calculate a basic primary thrust (belt clamp force required for the primary pulley
42) from the transmission input torque calculated by the input torque calculator 90a, a corrector 90g to correct the
calculated basic primary thrust on the basis of the required thrust difference for transmission calculated by the transmission
required thrust difference calculator 90c, and a primary hydraulic pressure converter 90h to convert the corrected primary
thrust to a target primary hydraulic pressure.

[0027] The line pressure controller 91 includes a target line pressure determiner 91a to compare the target primary
hydraulic pressure output from the primary hydraulic pressure converter 90h with the command secondary hydraulic
pressure output from the secondary hydraulic pressure controller 92, and set the target line pressure to the target primary
hydraulic pressure when the target primary hydraulic pressure > the command secondary hydraulic pressure and set
the target line pressure to the secondary hydraulic pressure when the target primary hydraulic pressure < the command
secondary hydraulic pressure, and a hydraulic pressure-current converter 91b to convert the target line pressure deter-
mined by the target line pressure determiner 91a to a current value applied to the solenoid and output a command
current value converted to the line pressure solenoid 72 of the regulator valve 71.

[0028] In the normal control the secondary hydraulic pressure controller 92 performs the feedback control using the
actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 to acquire a command
secondary hydraulic pressure while in the belt slip control the controller performs open control without using the actual
secondary hydraulic pressure to acquire the command secondary hydraulic pressure. The secondary hydraulic pressure
controller includes a low pass filter 92a through which the target secondary hydraulic pressure from the secondary
hydraulic pressure converter 90e is filtered, a deviation calculator 92b to calculate a deviation between the actual
secondary hydraulic pressure and the target secondary hydraulic pressure, a zero deviation setter 92¢ to set the deviation
to zero, a deviation switch 92d to selectively switch between the calculated deviation and zero deviation, and an integrated
gain determiner 92e to determine an integrated gain from oil temperature. Further, the controller includes a multiplier
92f to multiply the integrated gain from the integrated gain determiner 92e and the deviation from the deviation switch
92d, an integrator 92g to integrate an FB integration control amount from the multiplier 92f, an adder 92h to add the
integrated FB integration controlamount to the target secondary hydraulic pressure from the secondary hydraulic pressure
converter 90e, and a limiter 92i to set upper and lower limits to the added value to obtain the command secondary
hydraulic pressure (referred to basic secondary hydraulic pressure in the belt slip control). Further, the controller includes
an oscillation adder 92j to add a sine wave oscillation command to the basic secondary hydraulic pressure in the belt
slip control, a hydraulic pressure corrector 92k to correct the oscillated basic secondary hydraulic pressure by a secondary
hydraulic pressure correction amount to the command secondary hydraulic pressure, and a hydraulic pressure-current
converter 92m to convert the command secondary hydraulic pressure into a current value applied to the solenoid to
output a command current value converted to the secondary hydraulic pressure solenoid 75. Note that the deviation
switch 92d is configured to select the calculated deviation when a BSC operation flag is 0 (during the normal control)
and select the zero deviation when the BSC operation flag is 1 (during the belt slip control).

[0029] The sine wave oscillation controller 93 includes a sine wave oscillator 93a to decide an oscillation frequency
and an oscillation amplitude suitable for the belt slip control and apply sine wave hydraulic pressure oscillation in ac-
cordance with the decided frequency and amplitude, a zero oscillation setter 93b to apply no sine wave hydraulic pressure
oscillation, and an oscillation switch 93c to selectively switch between the hydraulic pressure oscillation and zero oscil-
lation. Note that the oscillation switch 93c is configured to select the zero oscillation when the BSC operation flag is 0
(during the normal control) and select the sine wave hydraulic pressure oscillation when the BSC operation flag is 1
(during the belt slip control).

[0030] The secondary hydraulic pressure corrector 94 includes an actual variable speed ratio calculator 94a to calculate
an actual gear ratio Ratio from a ratio of the primary rotary rate Npri of the primary revolution sensor 80 and the secondary
rotary rate Nsec of the secondary revolution sensor 81, a first bandpass filter 94b to extract an oscillation component
from a signal representing the actual secondary hydraulic pressure Psec obtained with the secondary hydraulic pressure
sensor 82, and a second bandpass filter 94c to extract an oscillation component from the calculated data by the actual
gear ratio calculator 94a. The corrector further includes a multiplier 94d to multiply the oscillation components extracted
by both bandpass filters 94b, 94c, a low pass filter 94e to extract phase difference information from the multiplication
result, a secondary hydraulic pressure correction amount determiner 94f to determine a secondary hydraulic pressure
correction amount on the basis of the phase difference information from the low pass filter 94e, a zero correction amount
setter 949 to set the secondary hydraulic pressure correction amount to zero, and a correction amount switch 94h to
selectively switch between the secondary hydraulic pressure correction amount and the zero correction amount. Note
that the correction amount switch 94h is configured to select the zero correction amount when the BSC operation flag
is 0 (during the normal control) and select the secondary hydraulic pressure correction amount when the BSC operation
flag is 1 (during the belt slip control).

[0031] FIG.5is a basic flowchart for a switching process between the normal control and the belt slip control (= BSC)
over the secondary hydraulic pressure executed by the CVT control unit 8 according to the embodiment 1. In the following
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the respective steps in FIG. 5 are described.

[0032] In step S1, following a startup by turning-on of the key, the determination on non- BSC permission in step S2
or normal control returning process in step S5, the belt type continuously variable transmission mechanism 4 is normally
controlled, and then the flow proceeds to step S2. During the normal control, the BSC operation flag is set to zero.
[0033] Instep S2, following the normal control in step S1, a determination is made on whether or not all of the following
BSC permission conditions are satisfied. At the result being YES (all the BSC permission conditions satisfied), the flow
proceeding to step S3, the belt slip control (BSC) is performed. At the result being NO (any of the BSC permission
conditions unsatisfied), the flow returning to step S1, the normal control is continued. An example of the BSC permission
conditions is as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. | command torque change rate | < predetermined value
b. | command gear ratio change rate | < predetermined value

(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.

This condition (2) is for example determined on the basis of the torque information (estimated engine torque) from
the engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range
position and the like.

(3) The permitted conditions in the above (1) (2) are continued for a predetermined length of time.

In step S2 whether or not the above conditions (1), (2), (3) are all satisfied is determined.

[0034] In step S3, following the BSC permission determination in step S2 or the BSC continuation determination in
step S4, the belt slip control (FIG.6 to FIG.8) is performed to reduce an input to the belt 44 of the belt type continuously
variable transmission mechanism 4 and maintain the belt 44 in an appropriate slip state without slippage. Then, the flow
proceeds to step S4. During the belt slip control the operation flag is set to 1.

[0035] Instep S4, following the belt slip control in step S3, a determination is made on whether or not all of the following
BSC continuation conditions are satisfied. At the result being YES (all the BSC continuation conditions satisfied), the
flow returning to step S3, the belt slip control (BSC) is continued. When the result is NO (any of the BSC continuation
conditions unsatisfied), the flow proceeds to step S5, and the normal control returning process is performed. An example
of the BSC continuation conditions is as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. | command torque change rate | < predetermined value
b. | command gear ratio change rate | < predetermined value

(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.

This condition (2) is for example determined on the basis of the torque information (estimated engine torque) from the
engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range position
and the like. Whether or not the above conditions (1), (2) are both satisfied is determined. That is, a difference between
the BSC permission conditions and the BSC continuation conditions is in that the BSC continuation conditions exclude
the continuation condition (3) of the BSC permission conditions.

[0036] In step S5, following a determination that any of the BSC continuation conditions is unsatisfied, the normal
control returning process (FIG.9 to FIG.11) is performed to prevent the belt 4 from slipping when the belt slip control is
returned to the normal control. Upon completion of the process, the flow returns to step S1 and shifts to the normal control.
[0037] FIG.6 is a flowchart for the entire belt slip control process executed by the CVT control unit 8 according to the
first embodiment. FIG.7 is a flowchart for the torque limit process of the belt slip control process executed by the CVT
control unit 8 according to the first embodiment. FIG.8 is a flowchart for the secondary hydraulic pressure oscillation
and correction process of the belt slip control process executed by the CVT control unit 8 according to the first embodiment.
[0038] First, as apparent from FIG.6, during the belt slip control in which the BSC permission determination and the
BSC continuation determination are continued, a feedback control inhibition process (step S31) in which the command
secondary hydraulic pressure is obtained using the actual secondary hydraulic pressure, a torque limit process (step
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S32) as a preparation for returning to the normal control, and a secondary hydraulic pressure oscillation and correction
process (step S33) for the belt slip control are concurrently performed.

[0039] In step S31, during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the feedback control under which the command secondary hydraulic pressure is obtained
using the actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 is inhibited. That
is, for obtaining the command secondary hydraulic pressure, the feedback control during the normal control is inhibited
and switched to the open control of the belt slip control using the zero deviation. Then, when the belt slip control is shifted
to the normal control, the feedback control returns again.

[0040] In step S32, during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the torque limit process in FIG.7 is performed. In step S321 of the flowchart in FIG.7 a
"torque limit request from the belt slip control" is defined to be the driver request torque.

[0041] In step S33, during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the secondary hydraulic pressure is oscillated and corrected in FIG.8. In the following the
steps of the flowchart in FIG. 8 are described.

[0042] Instep S331,the command secondary hydraulic pressure is oscillated. That s, the sine wave hydraulic pressure
with predetermined amplitude and predetermined frequency is superimposed on the command secondary hydraulic
pressure. The flow proceeds to step S332.

[0043] In step S332, following the oscillation of the command secondary hydraulic pressure in step S331, the actual
secondary hydraulic pressure is detected with the secondary hydraulic pressure sensor 82 to detect the actual gear ratio
by calculation based on information on the rotary rates from the primary revolution sensor 80 and the secondary revolution
sensor 81. The flow proceeds to step S333.

[0044] In step S333, following the detection of the actual secondary hydraulic pressure and the actual gear ratio in
step S332, the actual secondary hydraulic pressure and the gear ratio are each subjected to the bandpass filter process
to extract their respective oscillation components (sine wave) and multiply them. Then, the multiplied value is subjected
to the low pass filter process and converted to a value expressed by amplitude and a phase difference 6 (cosine wave)
between the oscillation of the actual secondary hydraulic pressure and that of the actual gear ratio. The flow proceeds
to step S334. Herein, where A is the amplitude of the actual secondary hydraulic pressure and B is the amplitude of the
actual gear ratio, the oscillation of the actual secondary hydraulic pressure is expressed by the formula (1): Asinwot. The
oscillation of the actual gear ratio is expressed by the formula (2): Bsin (wt+8). The formulas (1) and (2) are multiplied,
and using the following product sum formula (3):

sinasinB = -1/2{cos(a+B)-cos(a-B)}

the following formula (4):

Asinot X Bsin(wt+0) = (1/2)ABcos6-(1/2) ABcos(2wt+6)

is obtained.
In the formula (4), (1/2)ABcos(2mt+60) as the double component of the oscillation frequency is reduced through the low
pass filter so that the formula (4) becomes the following formula (5):

Asinot X Bsin(wt+0) = (1/2) Abcosd

Thus, it can be expressed by the formula of the phase difference 0 in the oscillation between the actual secondary
hydraulic pressure and the actual gear ratio.

[0045] In step S334, following the calculation of the phase difference 6 in the oscillation between the actual secondary
hydraulic pressure and the actual gear ratio, a determination is made on whether or not the phase difference 6 is such
that 0 < phase difference 6 < predetermined value at 1 (micro slip range). At the result being YES (0 < phase difference
6 < predetermined value at 1), the flow proceeds to step S335 while at the result being NO (predetermined value at 1 <
phase difference 6), the flow proceeds to step S336.

[0046] In step S335, following the determination on 0 < phase difference 6 < predetermined value at 1 (micro slip
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range) in step S334, the secondary hydraulic pressure correction amountis setto -ApseC. The flow proceeds to step S339.
[0047] In step S336, following the determination on predetermined value at 1 < phase difference 6 in step S334, a
determination is made on whether or not the phase difference 6 is such that predetermined value at 1 < phase difference
0 < predetermined value at 2 (target slip range). At the result being YES (predetermined value at 1 < phase difference
0 < predetermined value at 2), the flow proceeds to step S337 while at the result being NO (predetermined value at 2 <
phase difference 6), the flow proceeds to step S338.

[0048] In step S337, following the determination on predetermined value at 1 < phase difference 6 < predetermined
value at 2 (target slip range) in step S336, the secondary hydraulic pressure correction amount is set to zero and the
flow proceeds to step S339.

[0049] In step 5338, following the determination on predetermined value at 2 < phase difference 6 (micro/macro slip
transition range) in step S336, the secondary hydraulic pressure correction amount is set to +APsec and the flow proceeds
to step S339.

[0050] Instep S339, following the setting of the secondary hydraulic pressure correction amounts in steps S335, S337,
S338, the command secondary hydraulic pressure is set to the value of the basic secondary hydraulic pressure +
secondary hydraulic pressure correction amount. Then, the flow is completed.

[0051] FIG.9is a flowchart for a returning process from the belt slip control to the normal control executed by the CVT
control unit 8 according to the first embodiment. FIC.10 is a flowchart for the torque limit process of the returning process
to the normal control executed by the CVT control unit 8 according to the first embodiment. FIG.11 is a flowchart for the
transmission restricting process of the returning process to the normal control executed by the CVT control unit 8
according to the first embodiment.

[0052] First, as is apparent from FIG. 9, while the normal control is returned from the belt slip control from the BSC
continuation termination to the start of the normal control, a feedback control returning process (step S51) in which the
command secondary hydraulic pressure is obtained using the actual secondary hydraulic pressure, a torque limit process
(step S52) as a preparation for returning to the normal control, an oscillation and correction secondary hydraulic pressure
resetting process (step S53) for the belt slip control, and a transmission restricting process (step S54) in which the
transmission rate is restricted are concurrently performed.

[0053] Instep S51, while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the feedback control in which the command secondary hydraulic pressure is obtained
using the actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 is returned.
[0054] In step S52, while the normal control is returned from the belt slip control from the termination of the BSC
continuation to the start of the normal control, the torque limit process as a preparation for returning to the normal control
in FIG.10 is performed. Here, "the predetermined period from the start of the returning" may be "from the start of the
returning until a predetermined period", "from the start of the returning until the actual secondary hydraulic pressure
rises to the belt clamp force at the time of the normal control", or "from the start of returning until the belt clamp force
rises to the belt clamp force at the time of the normal control".

[0055] In step S53 while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the secondary hydraulic pressure oscillation and correction in FIG.8 is reset to wait for
the normal control.

[0056] In step S54 while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the transmission restricting process to restrict the transmission speed in FIG.11 is
performed.

[0057] In the following the steps of the flowchart showing the torque limit process in FIG.10 are described. The key
point of this torque limit process is to switch the controls on the basis of a magnitude relation among the three values
of a driver request torque, torque limit request from the BSC, and a torque capacity (calculated torque capacity). Herein,
the driver request torque refers to an engine torque requested by a driver, torque limit request from the BSC refers to
torque limit amount shown in the phases (2), (3) in FIG. 13. The torque capacity is generally (phase (1) in FIG.13) an
allowable designed torque capacity and set to a value higher than the driver request torque by a margin with mechanical
variation of the belt type continuously variable transmission mechanism 4 taken into consideration, for the purpose of
preventing the belt from sliping. Herein, the actual torque capacity is controlled under the secondary hydraulic pressure
control. Further, the calculated torque capacity refers to a torque capacity during the returning process (phase (3) in
FI1G.13) of the BSC (phase (2) in FIG.13). The calculated torque capacity is specifically a value based on or calculated
from the actual secondary hydraulic pressure and the actual gear ratio (torque capacity of one of the two pulleys 42, 43
to which engine torque is input, that is, the primary pulley 42).

[0058] In step S521 a determination is made on whether or not the driver request torque is larger than the torque limit
request from the BSC. When the result is YES, the flow proceeds to step S522, when the result is NO, the flow proceeds
to step S525.

[0059] In step S522 following the determination on the driver request torque is larger than the torque limit request
from the BSC in step S521, a determination is made on whether or not the calculated torque capacity is larger than the
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torque limit request from the BSC. When the result is YES, the flow proceeds to step S523, when the result is NO, the
flow proceeds to step S524.

[0060] In step S523 following the determination on the calculated torque capacity > the torque limit request from the
BSC in step S522, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) +AT and the calculated allowable torque capacity. The flow proceeds to RETURN.

[0061] In step S524 following the determination on the calculated torque capacity < the torque limit request from the
BSC in step S522, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) and the driver request torque. The flow proceeds to RETURN.

[0062] In step S525 following the determination on the driver request torque < torque limit request from the BSC in
step S521, a determination is made on whether or not the calculated torque capacity is larger than the torque limit request
from the BSC. At the result being YES, the flow proceeds to step S527 while at the result being NO, the flow proceeds
to step S526.

[0063] In step S526, following the determination on the calculated torque capacity < the torque limit request from the
BSC in step S525, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) and the driver request torque. The flow proceeds to RETURN.

[0064] In step S527 following the determination on the calculated torque capacity > the torque limit request from the
BSC in step S$525, the torque limit request from the BSC is cancelled. The flow is completed.

[0065] Next, the steps of the flowchart showing the transmission restricting process by limiting the target primary rotary
rate in FIG. 11 are described.

[0066] In step S541, a target inertia torque is calculated. The flow proceeds to step S542.

[0067] In step S542, following the calculation of the target inertia torque in step S541, a target primary revolution
change rate is calculated from the target inertia torque. Then, the flow proceeds to step S543.

[0068] In step S543, following the calculation of the target primary revolution change rate in step S542, a limited target
primary rotary rate not exceeding the target primary revolution change rate is calculated, and the flow proceeds to step
S544.

[0069] In step S544 following the calculation of the limited target primary revolution change rate in step S543, the
transmission control is performed on the basis of the limited target primary rotary rate, and the flow proceeds to step S545.
[0070] In step S545, following the transmission control in step S544, a determination is made on whether or not the
transmission control based on the limited target primary rotary rate is completed or the actual primary rotary rate has
reached the limited target primary rotary rate. At the result being YES (completion of transmission control), the flow ends
while at the result being NO (in the middle of transmission control), and the flow returns to step S541.

[0071] Next, the operation of the control device and the control method for the belt type-continuously variable trans-
mission mechanism 4 according to the first embodiment is described. The control device and the control method are
divided into four parts, BSC permission and continuation determining operations, BSC permission and continuation
determining operations based on | command transmission change rate | < predetermined value, belt slip control operation
(BSC operation), and return control operation from the BSC to the normal control.

[BSC Permission and Continuation Determining Operations]

[0072] At a start of the vehicle’s running, the operation proceeds to step S2 from step S1 in the flowchart in FIG.5.
Unless all the BSC permission determining conditions are satisfied in step S2, the flow from step S1 to step S2 are
repeated to continue the normal control. That is, the satisfaction of all the BSC permission determining conditions in
step S2 is defined to be BSC control starting condition.

[0073] The BSC permission conditions in the first embodiment are as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. | command torque change rates | < predetermined value
b. | command gear ratio change rate | < predetermined value

(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.

This condition (2) is for example determined on the basis of the torque information (estimated engine torque) from
the engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range
position and the like.

(3) The permitted conditions in the above (1) (2) are continued for a predetermined length of time.

10



10

15

20

25

30

35

40

45

50

55

EP 2 426 382 A1

In step S2 whether or not the above conditions (1), (2), (3) are all satisfied is determined.

[0074] Thus, the belt slip control is allowed to start if the transmission torque capacity of the belt type continuously
variable transmission mechanism 4 continues to be stable and the estimated accuracy of the input torque to the primary
pulley 42 is continuously within a reliable range for a predetermined length of time during the normal control.

[0075] In this way, the belt slip control is permitted to start upon the satisfaction of all the BSC permission conditions
so that it is able to start the belt slip control in a preferable range with an assured high control precision.

[0076] After the BSC permission is determined in step S2, in step S3 the belt slip control is performed to reduce an
input to the belt 44 of the belt type-continuously variable transmission mechanism 4 and maintain the belt 44 in an
appropriate slip state without slippage. Then, in step S4 following the belt slip control in step S3, a determination is made
on whether or not all of the BSC continuation conditions are satisfied. As long as all of the BSC continuation conditions
are satisfied, the flow from step S3 to step S4 is repeated to continue the belt slip control (BSC).

[0077] Here, the BSC continuation conditions in the embodiment 1 are the BSC permission conditions (1), (2) and
exclude the continuation condition for a predetermined length of time (3) of the BSC permission conditions. Because of
this, it is made possible to prevent continuation of the belt slip control with unsecured control precision since the belt
slip control is immediately stopped and returned to the normal control if one of the conditions (1), (2) is unsatisfied during
the belt slip control.

[Belt Slip Control Operation (BSC operation)]

[0078] At the initiation of the belt slip control, the secondary hydraulic pressure is set to a value to acquire the clamp
force not to cause belt slippage with estimated safety so that the condition that the phase difference 6 is lower than the
predetermined value 1 is satisfied. In the flowchart in FIG.8 the flow from step S331 — step S332—step S333— step
S334 —step S335 to step S339 is repeated and every time the flow is repeated, the command secondary hydraulic
pressure is decreased in response to the correction by -Apsec. Then, until the phase difference 6 at 1 or more reaches
the predetermined value at 2, the flow proceeds from step S331—step S332—step S333—step S334—step S336—step
S337 to step S339 in FIG.8 to maintain the command secondary hydraulic pressure. When the phase difference 0 is
the predetermined value at 2 or more, the flow proceeds from step S331—step S332—step S333—step S334—step
S336—step S338 to step S339 to increase the command secondary hydraulic pressure in response to the correction
by +Apsec. Under the belt slip control the slip rate is maintained so that the phase difference 6 falls within the range of
the predetermined values from 1 or more to less than 2.

[0079] The belt slip control is described with reference to the timing chart in FIG. 12. At time t1, the above BSC
permission conditions (1), (2) are satisfied and continued (BSC permission condition (3)). From time t2 to time t3, at
least one of the above BSC continuation conditions (1), (2) becomes unsatisfied, and the BSC operation flag and SEC
pressure F/B inhibiting flag (secondary pressure feedback inhibiting flag) are set for the belt slip control. A little before
time t3 the accelerator is pressed, so that at least one of the BSC continuation conditions becomes unsatisfied and the
control to return to the normal control is performed from time t3 to time t4. After time t4, the normal control is performed.
[0080] Thus, as is apparent from the accelerator opening characteristic, vehicle speed characteristic, and engine
torque characteristic as well as the solenoid current correction amount characteristic of the secondary hydraulic pressure
solenoid 75 during steady running determination indicated by the arrow C in FIG.12, under the belt slip control, the phase
difference 6 between the oscillation components of the secondary hydraulic pressure due to the oscillation and the
variable speed ratio is monitored to increase or decrease the current value. Note that the secondary hydraulic pressure
solenoid 75 is normally open (always open) and decreases the secondary hydraulic pressure along with a rise of the
current value.

[0081] The actual gear ratio is maintained to be virtually constant by the belt slip control although it fluctuates with
small amplitude as shown in the actual transmission characteristic (Ratio) in FIG.12. The phase difference 6, as shown
in the phase difference characteristics of the SEC pressure oscillation and Ratio oscillation in FIG.12, gradually increases
with time from time t2 when the slip rate is approximately zero, and reaches a target value (target slip rate). The secondary
hydraulic pressure as shown in the SEC hydraulic pressure characteristic in FIG. 12 decreases with time from time t2
when safety is secured, as indicated by the arrow G, and reaches a value of the designed minimum pressure added
with hydraulic pressure amplitude in the end which is in the hydraulic pressure level with a margin to the actual minimal
pressure. While the belt slip control continues for a long time, the actual secondary hydraulic pressure is maintained in
the amplitude range of the designed minimum pressure plus hydraulic pressure to maintain the target value of the phase
difference 6 (of slip rate).

[0082] In this way, the belt friction operating on the belt 44 is reduced by reducing the secondary hydraulic pressure
by the belt slip control, by the reduction of the belt friction, a drive load to drive the belt type-continuously variable
transmission mechanism 4 is kept down. Consequently, it is possible to accomplish the improvement in practical fuel
consumption without affecting travelling performance, during the belt slip control by the BSC permission determination.
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[Torque Limit Operation in Return control from BSC to Normal Control]

[0083] During the belt slip control while the BSC permission and continuation determinations are continued, the torque
limit process in step S32 in FIG.6 is performed by setting the torque limit request from the belt slip control as the driver
request toque in step S321 in FIG.7. In the following torque limit operation for retuning to the normal control is described
with reference to FIG. 10 and FIG.13.

[0084] The engine control unit 88 has first a torque limit amount as an upper control limit engine torque, and limits the
actual torque of the engine 1 not to exceed the torque limit amount. The torque limit amount is determined according to
various requests. For example, the upper limitinput torque to the belt type continuously variable transmission mechanism
4 is set to the torque limit request during the normal control (phase (1) in FIG.13), and the CVT control unit 8 sends the
torque limit request during the normal control to the engine control unit 88. The engine control unit 88 selects the minimum
one of torque limit requests from various controllers as the limit torque amount.

[0085] Specifically, at time t5 the phase (1) of the normal control is shifted into the belt slip control, and the torque
limit request from the BSC is sent to the engine control unit 88 in the phase (2) as shown in the limit torque amount
characteristic in FIG.13. However, the torque limit request from the BSC during the BSC (phase (2) in FIG.13) is for
preparation in advance for the torque limiting in FIG.10 and does not virtually function as a torque limit during the BSC
(phase (2) in FIG. 13).

[0086] Then, at time t6 the BSC continuation is aborted and the flow is shifted into the control to return to the normal
control. At time t6 a torque limit request is issued because of the driver request torque > torque limit request from the
BSC and the calculated torque capacity <torque limit request from the BSC. Therefore, the flow from step S521—step
S522—step S524 to RETURN in the flowchart in FIG. 10 is repeated to maintain the torque limit request from the BSC
(previous value) in step S524.

[0087] Thereafter, at time t7 the driver request torque > torque limit request from the BSC and the calculated torque
capacity > torque limit request from the BSC. The flow from step S521—step S522—step S523 to RETURN in FIG.10
is repeated to gradually increase the torque limit request from the BSC to be (previous value + AT). Along with this rising
gradient, the actual torque gradually rises.

[0088] Due to the rise of the torque limit request from the BSC since time t7, at time t8 the driver request torque <
torque limit request from the BSC and the calculated torque capacity > torque limit request from the BSC. The flow
proceeds from step S521—step S525—step S527 to END in the flowchart in FIG.10. In step S527 the torque limit from
the BSC is cancelled.

[0089] In this example the flow skips step S526 which is executed when the accelerator is manipulated as stepped
on or returned (released) for a short period of time. Specifically, step S526 is skipped when the belt slip control is
cancelled by stepping-on of the accelerator and the accelerator is released as soon as the return control starts.

[0090] Thatis to say, in the belt slip control, because a control slipping positively the belt in an allowable slip range is
performed, the belt clamp force is in a state that is lower than that in the normal control. When returning from the belt
slip control to the normal control, if the input torque to the belt type-continuously variable transmission mechanism 4
changes in anincreasing direction, there is possibility that the input torque exceeds the belt clamp force and an excessive
belt slip occurs.

[0091] Todealwith this, by limiting a changing rate of the input torque changing in the increasing direction and restricting
the increment in the input torque so as to maintain the actual torque at the time of the belt slip control completion during
a period from the time t6 to the time t7 in FIG.13 in a transition period returning from the belt slip control to the normal
control, it can be inhibited that the input torque to the belt type-continuously variable transmission mechanism 4 is
excessively larger than the belt clamp force while the belt clamp force at the completion time of the belt slip control is
returned to a level at the time of the normal control.

[0092] Consequently, when returning from the belt slip control to the normal control, because the torque limit control
for restricting the ratio of change of the input torque to the belt type-continuously variable transmission mechanism 4 is
performed, it is inhibited that the belt type-continuously variable transmission mechanism 4 is excessively larger than
the belt clamp force, thereby it is possible to prevent the belt 44 from being slipped.

[0093] In particular, in the embodiment 1, because the torque limit control to maintain the input torque at the time of
belt slip control completion to the belt type-continuously variable transmission mechanism 4 is performed, it can be
inhibited securely that the input torque to the belt type continuously variable transmission mechanism 4 is excessively
larger than the belt clamp force, regardless of a simple torque limit control.

[Operation of Primary revolution raising rate limit in the return control from the BSC to the normal control]
[0094] At the time of the return control from the belt slip control to the normal control, when performing the torque limit

control and changing a variable speed ratio by a normal transmission rate in a state where a rapidity of change of the
input torque to the belt type-continuously variable transmission mechanism 4 is restricted, because the input torque
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based on the change of a revolution inertia is significantly reduced, a necessary deceleration feeling (pull shock) to a
driver is subjected to a driver. Therefore, it is performed to limit a rapidity of change of the variable speed ratio with the
limitation of the rapidity of change of the input torque to the belt type-continuously variable transmission mechanism 4.
[0095] That is to say, the BSC continuation is paused, and when the flow is shift to the return control to return to the
normal control, the flow from step S541—step S542—step S543—stew S544 to step S545 in the flowchart in FIG.11 is
repeated until the completion of the transmission. In other words, in step S541, as shown in a characteristic without
limitation in FIG.14, the target inertia torque is calculated by the engine torque. In the next step S542, as shown in a
characteristic without limitation in FIG.15, a change rate of the target primary revolution is calculated by the target inertia
torque. Thus, as shown by arrow in FIG.14, the inertial torque to be reduced is set, and a restricted target primary
revolution not to exceed a change rate (gradient) of the target primary revolution without limitation is calculated based
on the target inertia torque with limitation, in step S543, as shown in a characteristic with limitation in FIG.15. In addition,
in step S544, the transmission control is performed based on the restricted target primary revolution. In this way, by
achieving the transmission control based on the restricted target primary revolution, with respect to the finally produced
target variable speed ratio, when comparing a characteristic of the target variable speed ratio with limitation with a
characteristic of the target variable speed ratio without limitation, as shown in FIG.16, the change of the target variable
speed ratio in the characteristic of the target variable speed ratio with limitation has a gentle gradient.

[0096] A return control operation by the torque delay and the primary revolution-increasing rate limiter adopted in the
embodiment 1 is described with reference to a time chart as shown in FIG.17.

[0097] An engine torque characteristic is first explained. In the engine torque characteristic in an area from the BSC
completion to the normal returning, a driver request torque shows a stepwise rising characteristic, and the engine torque
characteristic depending on an actual torque response on the normal time in which a torque limit control is not performed
shows a characteristic in which a torque rises immediately after the BSC completion. On the contrary, the engine
characteristic in the embodiment 1 shows that the torque is maintained for a while after the BSC completion, thereafter
the torque rises belatedly, as shown in the actual torque response after the torque down by the BSC.

[0098] Next, a target variable speed ratio characteristic and an inertia torque characteristic are explained. A target
primary revolution characteristic in an area from the BSC completion to the normal returning shows that an attainment
target characteristic is given by a step characteristic at the time of the BSC completion, and a target primary revolution
characteristic on the normal time where a limit control for a primary revolution-rising rate is not performed shows that a
target primary revolution rises with a large gradient immediately after the BSC completion. On the contrary, the target
primary revolution characteristic in the embodiment 1 shows that the target primary revolution gradually rises with a
gentle gradient more than that of the normal time. In addition, the inertia torque characteristic on the normal time is
sharply reduced from the BSC completion whereas the inertia torque characteristic in the embodiment 1 is gently reduced
for a period from the time of the BSC completion to the time of the normal returning.

[0099] Finally, a drive shaft torque characteristic and an inertia torque characteristic are explained. The drive shaft
torque characteristic when the torque delay and the primary revolution-rising rate-limit control are not performed together
(normal time) shows that a torque reduces somewhat more than that in after transmission initiation and before the
transmission initiation, thereafter the torque increases because the inertia torque has a large peak, but the engine torque
has a rapid response, as shown by an E characteristic in FIG.17. If the drive shaft characteristic is obtained, a shock
due to the transmission does not occur.

[0100] A drive shaft characteristic in which the torque delay is performed, but the primary revolution rising rate-limit
control is not performed has a characteristic having a drop that, by generating an engine torque input delay due to the
torque delay while maintaining the inertia characteristic which is the same as the normal time, the torque is significantly
reduced more than that in after the transmission initiation and before the transmission initiation, and thereafter the torque
increases, as shown in a D characteristic in FIG.17. When the change of the drive shaft torque occurs, a driver feels a
shock to degenerate driving performance and comfort.

[0101] On the contrary, the drive shaft torque characteristic in the embodiment 1 in which the torque delay and the
primary revolution rising rate-limit control are together performed has a characteristic that, if the engine torque input is
belated for the torque delay, because the peak of the inertia torque can be reduced by the primary revolution rising rate-
limit control, the torque is somewhat reduced more than that in after the transmission initiation and before the transmission
initiation, and thereafter the torque increases, as shown in an F characteristic in FIG.17. That is to say, when the torque
delay and the primary revolution rising rate-limit control are performed simultaneously, it is determined that a shock is
restricted.

[0102] As mentioned above, at the time of the return control from belt slip control to the normal control, with the
performance of the torque limit control, by achieving a control to provide a limitation to a change rate of the primary
revolution, a change of the revolution inertia at the time of the transmission initiation is reduced, the fact that the drive
shaft torque is decrease more than that in before transmission initiation can be restricted, consequently, it is possible
to prevent unnecessary shock (deceleration feeling) from giving to a driver.

[0103] Next, advantageous effects are explained.
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The control device and the control method for the belt type-continuously variable transmission mechanism 4 according
to the embodiment 1 make it possible to obtain advantageous effects listed below.

[0104] (1) In the control device for the belt type-continuously variable transmission 4, including the primary pulley 42
for receiving an input from a drive source (engine 1), the secondary pulley 43 for providing an output to the drive wheels
6, 6, and the belt 44 wound around the primary pulley 42 and the secondary pulley 43, to control a variable speed ratio
determined by a running radius ratio of the belt 44 on the pulleys by controlling a primary hydraulic pressure to the
primary pulley 42 and a secondary hydraulic pressure to the secondary pulley 43, the control device further includes a
normal control means (step S1) to perform a normal control obtaining an actual secondary hydraulic pressure to secure
a belt clamp force based on an operating condition, a belt slip control means (step S3) to perform a belt slip control
decreasing the actual secondary hydraulic pressure to be lower than that in the time of the normal control, and a normal
control-return control means (step S5) to perform a limitation to an input torque-change rate in which the input torque
to the belt type-continuously variable transmission changes in the increasing direction when returning from the belt slip
control to the normal control, for a predetermined period from a initiation of the returning.

Consequently, when returning from the belt slip control to the normal control, by restricting that the input torque-change
rate in which the input torque to the belt type-continuously variable transmission 4 is excessive relative to the belt clamp
force, it is possible to provide a control device for the belt type-continuously variable transmission 4 which prevents the
belt slip from occurring.

[0105] (2) In the normal control-return control means (step S5), the predetermined period to perform the limitation to
the input torque changing rate is set to be a period from the returning initiation to a predetermined time. Therefore, it is
possible to restrict easily the predetermined period to perform the limitation to the input torque changing rate a time
management such as a timer or the like.

[0106] (3) In the normal control-return control means (step S5), the predetermined period to perform the limitation to
the input torque-change rate is set to be a period from the return initiation until the actual secondary hydraulic pressure
raises to a hydraulic pressure during the normal control. Therefore, it is possible to set the predetermined period which
performs the limitation to the input torque-change rate to an appropriate variable period in which the actual secondary
hydraulic pressure of the belt type-continuously variable transmission 4 is returned to a hydraulic pressure during the
normal control, and which is until the securement of the belt clamp force is estimated, regardless of input of change in
environment, disturbance or the like.

[0107] (4) In the normal control-return control means (step S5), the predetermined period to perform the limitation to
the input torque-change rate is set to be period from the return initiation until the belt clamp force rises to the belt clamp
force during the normal control. Therefore, it is possible to set the predetermined period to perform the limitation to the
input torque-change rate to an appropriate variable period in which a pulley thrust of the belt type-continuously variable
transmission 4 is returned to a thrust during the normal control and the belt clamp force is secured, regardless of input
of change in environment, disturbance or the like.

[0108] (5) In the normal control-return control means, when returning from the belt slip control to the normal control,
the predetermined period to perform the limitation to the input torque-change rate holds the input torque to the belt type-
continuously variable transmission (FIG.10). Therefore, regardless of a simple torque limit control, it can securely be
inhibited that the input torque to the belt type-continuously variable transmission 4 is excessive relative to the belt clamp
force.

[0109] (6) The normal control-return control means (stepS5) limits the change rate of the variable speed ratio with the
limitation to the input torque-change rate to perform in returning from the belt slip control to the normal control. Therefore,
it can be inhibited that the drive shaft torque is lower than that in before the transmission initiation by reducing the
revolution inertia change at the time of the transmission initiation. Consequently, it is possible to prevent unnecessary
shock from giving to a driver.

[0110] (7) The normal control-return control means (stepS5) restricts the change rate of the variable speed ratio by
giving a limitation to the change ratio of the revolution of the primary pulley, changing toward a target variable speed
ratio (FIG.11). Therefore, when restricting the transmission rate of the variable speed ratio, because the reduction of
the inertia torque can be controlled, it is possible to prevent effectively a shock (deceleration feeling) from occurring.
[0111] (8) In a control method for a belt type-continuously variable transmission 4 by a belt slip control in which a belt
slip condition among the primary pulley 42, the secondary pulley 43, and the belt 44 is controlled by a hydraulic pressure,
the belt slip control includes oscillating the hydraulic pressure, and controlling the hydraulic pressure on the basis of an
integrated value of an oscillation component included in an actual hydraulic pressure and an oscillation component of
an actual variable speed ratio, and the belt slip control performs, when returning to the normal control, a limitation to the
input torque-change rate in which the input torque to the belt type-continuously variable transmission 4 changes in the
increasing direction, for a predetermined period from the returning initiation. Therefore, when returning from the belt slip
control to the normal control, it is restricted that the input torque to the belt type-continuously variable transmission
mechanism 4 is excessive relative to the belt clamp force, thereby it is possible to provide a control method preventing
the belt slip from occurring.
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[0112] (9) In the belt slip control, the belt slip condition is estimated by monitoring a phase difference calculated from
the integrated value, to control the hydraulic pressure on the basis of the estimation to maintain a predetermined belt
slip condition. Thus, it is possible to stably maintain a predetermined belt slip condition during the belt slip control by
accurately acquiring a change in the belt slip condition by monitoring the phase difference correlated with the belt slip
condition. As a result, under the belt slip control by which the belt friction is stably reduced, it is possible to realize a
targeted reduction in drive energy consumption.

Embodiment 2

[0113] An embodiment 2 is an example in which, as a limitation control of a change rate of the variable speed ratio,
a method setting a limitation to a time constant on transmission time is adopted.

[0114] A constitution is first explained.

FIG.18 is a flow chart showing a transmission-speed restricting process of the variable speed ratio setting a limitation
to the time constant on the transmission time, of a returning process to a normal control executed by a CVT control unit
8 according to the embodiment 2. Each of steps shown in FIG.18 is explained as follows.

[0115] In stepS546, a time constant used for a transmission control on normal time is changed to a time constant
having a long delay time, used for a transmission control on return, and the flow proceeds to step S547. Here, the time
constant on transmission at the time of the return is set to a time constant in which a delay of response to an actual
torque is considered.

[0116] In step S547, subsequent to the change of the time constant in step S546, a target primary revolution is
computed by use of the changed time constant, and the flow proceeds step S548.

[0117] In step D548, subsequent to the calculation of the target primary revolution in the step S547, the transmission
control is performed based on the calculated target primary revolution, and the flow proceeds to step S549.

[0118] In step S549, subsequent to the transmission control in step S548, a determination is made on whether the
transmission control based on the target primary revolution is completed, in other words whether an actual primary
revolution reaches the target primary revolution. In the case of Yes (the transmission control is completed), the flow
proceeds to step S550, in the case of No (during the change gear control), the flow proceeds to step S546.

[0119] Instep S550, subsequent to the determination that the change gear control is completed in step S549, the time
constant using for the transmission control at the time of return is returned to the time constant using for the transmission
control on normal, and the flow proceeds to END. Meanwhile, because other structure of the embodiment 2 is similar
to that of the embodiment 1 as shown in FIGs.1 to 10, further description and illustration are omitted.

[0120] Next, operation is explained.

[Limit operation of Time constant on transmission in Return control from BSC to Normal control]

[0121] The BSC continuation is discontinued, and when the flow is shift to the return control to the normal control, the
flow from step S546—step S547—step S548 to step S5449 in the flowchart in FIG.18 is repeated until the completion
of the transmission. Thatis, in step S546, a time constant using for the transmission control on the normal time is changed
to a time constant having a long delay time for using for transmission control on the return time. In the next step S547,
the target primary revolution is calculated by use of the changed time constant, in the next step S548, the transmission
control is achieved based on the calculated target primary revolution. In this way, because the transmission control is
performed by use of the time constant having a delay longer than that of the time constant on the normal time, the change
gradient of the target variable speed ratio in the target change ratio which is finally produced is gentle more than that of
the transmission control using the time constant on the normal time.

[0122] A return control operation by the torque delay and the primary revolution-increasing rate limiter adopted in the
embodiment 2 is described with reference to a time chart as shown in FIG.19.

[0123] An engine torque characteristic is first explained. In the engine torque characteristic in an area from the BSC
completion to the normal returning, a driver request torque shows a stepwise rising characteristic, and the engine torque
characteristic depending on an actual torque response on the normal time in which a torque limit control is not performed
shows a characteristic in which a torque rises immediately after the BSC completion. On the contrary, the engine
characteristic in the embodiment 2 shows that the torque is maintained for a while after the BSC completion, thereafter
the torque rises belatedly, as shown in the actual torque response after the torque down by the BSC.

[0124] Next, a target variable speed ratio characteristic and an inertia torque characteristic are explained. In a target
variable speed ratio characteristic in an area from the BSC completion to the normal returning, an attainment transmission
characteristic is given by a step characteristic at the time of the BSC completion, and in a target transmission characteristic
on the normal time where a limit control for a primary revolution-rising rate is not performed, a response rate depends
on the time constant characteristic on the normal time, and the target transmission characteristic rises toward the
attainment variable speed ratio with a large gradient immediately after the BSC completion. On the contrary, the target
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variable speed ratio characteristic in the embodiment 2 shows that the response rate depends on the time constant in
consideration of the actual torque response delay and shows a characteristic that gradually rises toward the attainment
variable speed ratio with a gentle gradient more than that of the normal time. In addition, the inertia torque characteristic
on the normal time is sharply reduced from the BSC completion whereas the inertia torque characteristic in the embod-
iment 2 is gently reduced for a period from the time of the BSC completion to the time of the normal returning.

[0125] Finally, a drive shaft torque characteristic and an inertia torque characteristic are explained. The drive shaft
torque characteristic when the torque delay and the primary revolution-rising rate-limit control are not performed together
(normal time) shows a characteristic that a torque reduces somewhat more than that in after transmission initiation and
before the transmission initiation, thereafter the torque increases because the inertia torque has a large peak, but the
engine torque has arapid response, as shown by an E’ characteristicin FIG.19. If the drive shaft characteristic is obtained,
a shock due to the transmission does not occur.

[0126] A drive shaft characteristic in which the torque delay is performed, but the primary revolution rising rate-limit
control is not performed has a characteristic having a drop d’ that, by generating an engine torque input delay due to
the torque delay while maintaining the inertia characteristic which is the same as the normal time, the torque is significantly
reduced more than that in after the transmission initiation and before the transmission initiation, and thereafter the torque
increases, as shown in a D’ characteristic in FIG.19. When the change of the drive shaft torque occurs, a driver feels a
shock to degenerate driving performance and comfort.

[0127] On the contrary, the drive shaft torque characteristic in the embodiment 2 in which the torque delay and the
time constant limit control on transmission are together performed has a characteristic that, if the engine torque input is
belated for the torque delay, because the peak of the inertia torque can be reduced by the primary revolution rising rate-
limit control, the torque is somewhat reduced more than that in after the transmission initiation and before the transmission
initiation, and thereafter the torque increases, as shown in an F’ characteristic in FIG.19. That is to say, when the torque
delay and the primary revolution rising rate-limit control are performed simultaneously, it is determined that a shock is
restricted.

[0128] As mentioned above, at the time of the return control from the belt slip control to the normal control, with the
performance of the torque limit control, by achieving a control to provide a limitation to a change rate of the primary
revolution, a change of the revolution inertia at the time of the transmission initiation is reduced, the fact that the drive
shaft torque is reduced more than that in before transmission initiation can be restricted, consequently, it is possible to
prevent unnecessary shock (deceleration feeling) from giving to a driver. Meanwhile, because other operation is similar
to that of the embodiment 1, a description is omitted.

[0129] Next, advantageous effects are explained.

In the control device for the belt type-continuously variable transmission 4 as shown in the embodiment 2, the following
advantageous effects can be obtained in addition to the effects (1) to (6) in the embodiment 1.

[0130] (10) The normal control-return control means (stepS5) limits the change rate of the variable speed ratio by
setting the time constant adjusting a time required to the change of the variable speed ratio to the time constant having
the response delay rather than the time constant on the normal transmission control (FIG.18). Therefore, it is possible
to effectively prevent a shock (deceleration feeling) from occurring by controlling the change of the target variable speed
ratio to follow the response delay of the actual torque in adding the limitation to the transmission rate of the variable
speed ratio.

Embodiment 3

[0131] Anembodiment 3 is an example in which a method to hold a variable speed ratio at the time of the completion
of the belt slip control by a predetermined time, as a limitation control of a change rate of a variable speed rate is adopted.

A constitution is first explained.

[0132] FIG.20 is a flow chart showing a variable speed-limitation process of a variable speed ratio by a transmission
delay, of a return process to a normal control, executed by a CVT control unit 8 in the embodiment 3. Each of steps
shown in FIG.20 is explained hereinafter.

[0133] Instep S551, when a BSC continuation is aborted, the variable speed ratio at the time of the completion of the
BSC control is maintained, and the flow proceeds to step S552.

[0134] In step S552, following the keeping of the variable speed ratio in step S551, whether a set time is lapsed is
determined, if it is Yes, the flow proceeds to END, if it is NO, the flow returns to stepS551. Here, the set time holding
the variable speed ratio is set to a time approximately aligning with a time at which an input torque at the time of the
completion of the BSC control is maintained by a torque limit control. Meanwhile, because the other structure of the
embodiment 3 is similar to that of the embodiment 1 as shown in FIGs.1 to 10, illustration and description thereof are
omitted.
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[0135] Next, operation is explained.
[Limit operation of Time constant on variable speed in Return control from BSC to Normal control]

[0136] The BSC continuation is discontinued, and when the flow is shift from the return control to the normal control,
the flow from step S551 to step S552 in the flowchart in FIG.20 is repeated until a set time lapses. In other words, in
step S551, the variable speed ratio at the time of completion of the BSC control is maintained. In the next step S552,
whether or not the set time lapses is determined, and the variable speed ratio at the time of completion of the BSC
control is maintained until the set time lapses. When the set time lapses, the normal variable speed control is lately
initiated (variable speed delay).

[0137] A return control operation by the torque delay and the variable speed delay adopted in the embodiment 3 is
explained hereinafter with reference to a time chart as shown in FIG.21.

[0138] An engine torque characteristic is first explained. In the engine torque characteristic in an area from the BSC
completion to the normal return, a driver request torque shows a stepwise rising characteristic, and the engine torque
characteristic depending on an actual torque response on the normal time in which a torque limit control is not performed
shows a characteristic in which a torque rises immediately after the BSC completion. On the contrary, the engine
characteristic in the embodiment 3 shows a characteristic that the torque is maintained for a while after the BSC com-
pletion, thereafter the torque rises belatedly, as shown in the actual torque response after the torque down by the BSC.
[0139] Next, a target variable speed ratio characteristic and an inertia torque characteristic are explained. A target
primary revolution characteristic in an area from the BSC completion to the normal return shows that an attainment
variable speed ratio characteristic is given by a step characteristic at the time of the BSC completion, and a target variable
speed ratio characteristic on the normal time where a variable speed delay control is not performed shows a characteristic
that rises toward an attainment variable speed ratio with a large gradient immediately after the BSC completion. On the
contrary, the target variable speed ratio characteristic in the embodiment 3 shows a characteristic that the variable speed
ratio is kept while the engine torque is maintained and rises toward the attainment variable speed ratio with a large
gradient immediately after the torque maintaining time lapses. In addition, the inertia torque characteristic on the normal
time is sharply reduced from the time of the BSC completion whereas the inertia torque characteristic in the embodiment
3 is sharply reduced from a time at which the variable speed-keeping time lapses.

[0140] Finally, a drive shaft torque characteristic and an inertia torque characteristic are explained. The drive shaft
torque characteristic when the torque delay and the primary revolution-rising rate-limit control are not performed together
(normal time) shows that a torque reduces somewhat more than that in after transmission or variable speed initiation
and before the transmission initiation, thereafter the torque increases, because the inertia torque has a large peak, but
the engine torque has a rapid response, as shown by an E" characteristic in FIG.21. If the drive shaft characteristic is
obtained, a shock due to the transmission or variable speed does not occur.

[0141] A drive shaft characteristic in which the torque delay is performed, but the primary revolution-rising rate-limit
control is not performed has a characteristic having a drop d" that, by generating an engine torque input delay due to
the torque delay while maintaining the inertia characteristic which is the same as the normal time, the torque is significantly
reduced more than that in after the transmission initiation and before the transmission initiation, and thereafter the torque
increases, as shown in a D" characteristic in FIG.21. When the change of the drive shaft torque occurs, a driver feels a
shock to degenerate driving performance and driver’s comfort.

[0142] On the contrary, the drive shaft torque characteristic in the embodiment 3 in which the torque delay and the
primary revolution-rising rate-limit control are together performed has a characteristic that, because the transmission or
variable speed is initiated in accordance with the delay of the torque input by the variable speed delay, the torque is
somewhat reduced more than that in after the transmission initiation and before the transmission initiation, and thereafter
the torque increases, as shown in an F" characteristic in FIG.21. That is to say, when the torque delay and the primary
revolution-rising rate-limit control are performed simultaneously, it is determined that a driver’s shock is restricted.
[0143] As mentioned above, at the time of the return control from belt slip control to the normal control, by achieving
the variable speed delay control with performing the torque limit control, a change of the revolution inertia is reduced,
and the reduction of the input torque to the belt type-continuously variable transmission can be restricted, consequently,
it is possible to prevent unnecessary shock (deceleration feeling) from giving to a driver. Meanwhile, because other
operation is similar to that of the embodiment 1, a description thereof is omitted.

[0144] Next, advantageous effects are explained.

In the control device for the belt type-continuously variable transmission mechanism 4 as shown in the embodiment 3,
the following advantageous effects can be obtained in addition to the effects (1) to (6) in the embodiment 1.

[0145] (11) The normal control-return control means (stepS5) limits the change rate of the variable speed ratio by
holding the variable speed ratio at the time of the belt slip control completion for a predetermined time from the time of
the belt slip control completion (FIG.20). Therefore, it is possible to effectively prevent the shock (deceleration feeling)
from occurring, because it is possible to achieve a management for a timing starting the variable speed in accordance
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with the delay of the torque input by the variable speed delay, in adding the limitation to the change rate of the variable
speed ratio.

[0146] Althoughthe control device and the control method for the belt type continuously variable transmission according
to the present invention have been described in terms of the exemplary embodiments 1 to 3, they are not limited thereto
with respect to a concrete structure. It should be appreciated that design variations or additions can be made without
departing from the scope of the present invention as defined by the following claims.

[0147] Inthe embodiments 1 to 3, there has been described an example where a hydraulic pressure circuit of a single
side adjusting type controlled by a step motor is used for the transmission hydraulic pressure control unit 7. However,
another single side adjusting type or both sides adjusting type transmission hydraulic pressure control unit can be also
applied.

[0148] Inthe embodiments 1 to 3, there has been described an example where only the secondary hydraulic pressure
is oscillated. However, for example, the primary hydraulic pressure together with the secondary hydraulic pressure can
be concurrently oscillated at the same phase by a direct acting control system. Alternatively, the primary hydraulic
pressure together with the secondary hydraulic pressure can be oscillated at the same phase by oscillating the line
pressure.

[0149] In the embodiments 1 to 3, there has been described an example of the oscillation means in which proper
oscillation components are given to the command secondary hydraulic pressure. Alternatively, the proper oscillation
components may be given to solenoid current values.

[0150] In the embodiments 1 to 3, there has been described an example of the torque limit control in which the input
torque at the time of completion of belt slip control is held by the predetermined time. However, for example, an example
of a torque limit control in which a slight torque raising is allowed may be used.

[0151] There is shown an example in which a limitation is given to the change rate of the target primary revolution, as
the limitation control of the change rate of the variable speed ratio, in the embodiment 1, there is shown an example in
which a limitation is given to the time constant on the variable speed time, as the limitation control of the change rate of
the variable speed ratio, in the embodiment 2, and there is shown an example in which the variable ratio at the time of
the completion of the belt slip control is held by a predetermined time, as the limitation control of the change rate of the
variable speed ratio, in the embodiment 3. However, an example combining the two methods of the methods as shown
in the embodiments 1 to 3, or an example combining the three methods as shown in the embodiments may be used.
[0152] The embodiments 1 to 3 have shown an application example to an engine vehicle installing a belt type-contin-
uously variable transmission. The presentinvention is also applicable to a hybrid vehicle installing a belt type-continuously
variable transmission, an electric vehicle installing a belt type-continuously variable transmission and the like. In short
it is applicable to any vehicle incorporating a belt type-continuously variable transmission which performs a hydraulic
pressure transmission control.

Explanation of Reference Numbers

[0153]

1 engine

2 torque converter

3 forward/backward drive switch mechanism

4 belt type continuously variable transmission mechanism

40 transmission input shaft

41 transmission output shaft

42 primary pulley

43 secondary pulley

44 belt

45 primary hydraulic pressure chamber
46 secondary hydraulic pressure chamber

5 final reduction mechanism

6,6 drive wheels

7 transmission hydraulic pressure control unit
70 oil pump

71 regulator valve

72 line pressure solenoid

73 transmission control valve
74 decompression valve
75 secondary hydraulic pressure solenoid
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76 servo link

77 transmission command valve

78 step motor

8 CVT control unit

80 primary revolution sensor

81 secondary revolution sensor

82 secondary hydraulic pressure sensor
83 oil temperature sensor

84 inhibitor switch

85 brake switch

86 accelerator opening sensor

87 other sensors and switches

88 engine control unit

Claims

1. A control device for a belt type-continuously variable transmission, including a primary pulley for receiving an input

from a drive source, a secondary pulley for providing an output to a drive wheel, and a belt wound around the primary
pulley and the secondary pulley, to control a variable speed ratio determined by a running radius ratio of the belt
on the pulleys by controlling a primary hydraulic pressure to the primary pulley and a secondary hydraulic pressure
to the secondary pulley, the control device comprising:

a normal control means to perform a normal control obtaining an actual secondary hydraulic pressure to secure
a belt clamp force based on an operating condition;

a belt slip control means to perform a belt slip control reducing the actual secondary hydraulic pressure to be
lower than that in the time of the normal control; and

a normal control-return control means to perform a limitation to an input torque-change rate in which an input
torque to the belt type-continuously variable transmission changes in an increasing direction when returning
from the belt slip control to the normal control, for a predetermined period from an initiation of the return.

The control device for a belt type-continuously variable transmission according to claim 1, wherein the normal control-
return control means is configured to set the predetermined period to perform the limitation of the input torque-
change rate to be a period from the initiation of the return to a predetermined time.

The control device for a belt type continuously variable transmission according to claim 1 or claim 2, wherein the
normal control-return control means is configured to set the predetermined period to perform the limitation of the
input torque-change rate to be a period from the initiation of the return until the actual secondary hydraulic pressure
raises to a hydraulic pressure at the time of the normal control.

The control device for a belt type continuously variable transmission according to claim 1 or claim 2, wherein the
normal control-return control means is configured to set the predetermined period to perform the limitation of the
input torque-change rate to be a period from the initiation of the return until a belt clamp force at the time of the
return raises to a belt clamp force at the time of the normal control.

The control device for a belt type continuously variable transmission according to any one of claim 1 to claim 4,
wherein the normal control-return control means holds the input torque to the belt type-continuously variable trans-
mission during the predetermined period to perform the limitation of the input torque-change rate, when returning
from the belt slip control to the normal control.

The control device for a belt type continuously variable transmission according to any one of claim 1 to claim 5,
wherein the normal control-return control means limits a change rate of a variable speed ratio in accordance with
the limitation of the input torque-change rate, achieved at when returning from the belt slip control to the normal control.

The control device for a belt type continuously variable transmission according to claim 6, wherein the normal control-

return control means limits the change rate of the variable speed ratio by setting a limitation to a change ratio
changing toward a target variable speed ratio.
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8. The control device for a belt type continuously variable transmission according to claim 6, wherein the normal control-

return control means limits the change rate of the variable speed ratio by setting a time constant adjusting a time
necessary to change the variable speed ratio to a time constant having a response delay later than that of a time
constant at the time of the normal variable speed control.

9. The control device for a belt type continuously variable transmission according to claim 6, wherein the normal control-

return control means limits the change rate of the variable speed ratio by holding a variable speed ratio at the time
of completion of the belt slip control during a predetermined time from a time at which the belt slip control is completed.

10. A control method for a belt type-continuously variable transmission configured to perform a belt slip control in which
a belt slip condition among a primary pulley, a secondary pulley, and a belt is controlled by a hydraulic pressure,
the control method comprising:

oscillating the hydraulic pressure and controlling the hydraulic pressure by the belt slip control on the basis of
an integrated value of an oscillation component included in an actual hydraulic pressure and an oscillation
component included in an actual variable speed ratio; and

performing by the belt slip control a limitation to an input torque-change rate in which an input torque to the belt
type-continuously variable transmission changes in an increasing direction, the limitation being performed for
a predetermined period from an initiation of return to a normal control, when returning to the normal control.

11. The control method for a belt type continuously variable transmission according to claim 10, wherein the belt slip

control estimates the belt slip condition by monitoring a phase difference calculated based on the integrated value,
and controls the hydraulic pressure to maintain a predetermined belt slip condition based on the estimation.

20



EP 2 426 382 A1

FIG.1

4
45 \
42

42a
42b 392 /

2

a1 23 /
26

%)

R
40 “/‘
S| 2L
ENGINE
T
44 ‘
52
T/( 24 11 10
) _
43\ %
RTPRESSORE | 71 43a ] =
SEC | 74 _1
73 PRESSURE o
I o o1 |E
/4 — 3
| N W
st Z
REG o0 Le e
C 8 |
172
8
/TSESKFA 10N
PRIMARY ROTATION R I A
807-|SENSOR N Y.
SECONDARY ROTATIONL >
817 SENSOR > TORQUE
g~ SECONDARY HYDRAULIC] REQUEST
PRESSURE SENSOR " evToU
OIL TEMPERATURE
83 SENSOR >
o4~ [RIBITOR ST} B i~
N e -7

21



FIG.2




EP 2 426 382 A1

90 9 72
Ne —
BASIC PRT |, | [PRT HYDRAULTC| | [?ﬁ%“ e || e
»  THRUST PRESSURE »PRESSURE M*{PRESSURE **1PRESSURE
CAgLCULATION X | CONVERSION | l DETERMINATION|  [DETERMINATION] | [SOL
90f | TRANSMISSION | 90h : | comwanp sec 91a  91bj
REQUIRED THRUSTI~-90c | | HYDRAULIC FRESSURE
%0a | 90b | cx'cuiation | 9% !
INPUT BASIC SEC] *4  |HYDREOL1C
TORQUE -  THRUST PRESSURE
CALCULATION|  |CALCULATION * CONVERSION
! 90d 92
s o/
. . . _ _ ) [
[ TARGET SEC HYDRAULIC PRESSURE
i 92b BSC OPERATION FLAG 92d 92f 92g 92i [
SECD
i DA -
° - INTEGRATOR>O—F] i
e j P
FILTER " 00a o frar 92hLlMITTER“1
OIL TEMPERATURE —(INTEGRATED GAIN) 75

> PROPORTION AMOUNT OMITTED

92 92k 92m ThvpRAULIC l
o | LEOWAID SEC HIRALIC PRESSRE s + JIPRESSURE-~ _’*gggSSURE
| (BASIC SEC HYDRAULIC PRESSURE) +¥ " G Esion] oo
\l-—géa__—““—_?:g:
i [SINE WAVE <, | 1 ' \ '
| e e | |Bsc opERaTION FLAGI
93b . ! _ !
e ] T g4
BSC OPERATION FLAG | .
[ 94b ' ) 94h
94a 1sT U 94e gff
Psec—BANDPASS m —
FILTER Lo Pss|. | SEC HYDRAULIC
Npr i—{iCTUAL GEAR 2ND X [ FILTER [ ia0NT DETERMTNAT 10N
' RATIO JBaPAss|_
Nsec—»{CALCULATION FILTER AP __l
( 94c
94

23



S1_~|NORMAL CONTROL

EP 2 426 382 A1

FIG.5

(STARD

<

S31

\\\

S5
RETURNIGN PROGESS /[
T0 NORMAL CONTROL

FIG.6

(BSC PERMISSION)
532 533

™ )

SEC HYDRAULIC
PRESSURE FB ||, ORQ
INHIBITION

LIMITING

SEGC _HYDRAULIC
UE PRESSURE
OSCILLATION
AND CORRECTION

I e |

BSC_CONT
DETERM

NUAT ION
NATION

24



EP 2 426 382 A1

FIG.7

( START )
$321 (BSC PERMISSION)

A 4

TORQUE LIMIT REQUEST FROM BSC
= DRIVER REQUEST TORUQE

END
(}BSC CONTINUATION DETERMINATION)?)

FIG.8

START
(BSC PERMISSION)
v

9331 OSGILLATE COMMAND SEC
HYDRAULIC PRESSURE

!

DETECT ACTUAL SEC HYDRAULIG
332 PRESSURE AND ACTRUAL GEAR RATIO

S333 A CALCULATE PHASE DIFFERENGE
IN GEAR RATIO OSGILLATION
FROM ACTUAL SEC HYDRAULIC PRESSURE
AND ACTRUAL GEAR RATIO

S334
0 < PHASE DIFFERENCE < \NO 3336
REDETERMINED VALUE AT 1 2 //,/
YES 0 < PHASE DIFFERENCE < \\NO 5338
PREDETERMINED VALUE AT 2 ?
l YES S337 .
S335.—|  SEC HYDRAULIC SEC HYDRAULIC SEC_HYDRAULIC
PRESSURE PRESSURE PRESSURE
CORRECTION AMOUNT CORRECTION AMOUNT|  |CORRECTION AMOUNT
— —APsec «~ 0 — +APsec
5339 . v |

SET COMMAND SEG HyDRAULIC PRESSURE
TO BASIC SEC HYDRAULIG PRESSURE +
SEC HYDRAULIC PRESSURE GORRECTION AMOUNT

END
(}BSC CONTINUATION DETERMINATIONi)

25



EP 2 426 382 A1

(BSC_CONTINUATION TERMINATION)
SEI\ 552 S53 S54
RETURN TO SEC RESET SEC HYDRAULIC
TORQUE RESTRICT
HYDRAULIC PRESSURE OSCILLATION
PRESSURE FB | | LIMITING AND CORRECTION | [TRANSMISSION

A 4 e A

€

(__NORMAL CONTROL )

FIG.10

START
QBSC CONTINUATION TERMINATIO&D
S521

DRIVER

S522 S525

GALCULATED

NO NQ_—ToralE GAPACITY >
$524
TORQUE LIMIT REQUEST FROM| | [TORQUE LIMIT REQUEST FROM
BSC = min (TORQUE LIMIT BSC = min (TORQUE LIMIT
REQUEST FROM BSC REQUEST FROM BSC
(PREVIOUS VALUE) (PREVIOUS VALUE),
DRIVER REQUEST TORGUE) DRIVER REQUEST TORGUE)
S523
N y
TORQUE LIMIT REQUEST
FROM BSC = min (TORQUE So27
i ok o o S
+
CALCULATED ALLOWABLE' CANCEL _TORQUE L IMIT
TORQUE GAPACITY) REQUEST FROM BSC

e v
END
RETURN (2&0RMAL CONTROL;>

26



EP 2 426 382 A1

FIG.11

START
<ZE§C CONTINUATION TERMINATI&E;>

I

CALCULATE TARGET INERTIA TORQUE

|

CALCULATE TARGET PRIMARY
ROTATION gﬁANGE RATE

S543—

CALCULATE LIMITED TARGET PRIMARY
ROTATION CHANGE RATE

¥

TRANSMISSION CONTROL BASED ON LIMITED
TARGET PRIMARY ROTATION CHANGE RATE

S545

TRANSMISSION ~NO

CONPLETED
IYES

END
(NORMAL CONTROL)

27



EP 2 426 382 A1

FIG.12

BSC
OPERATION
FLAG

SEC
PRESSURE F/B
INHIBITION
FLAG

ACCELERATION
OPENING

VEHICLE
SPEED

ENGINE
TORQUE

Ratio

SEC
HYDRAULIC
PRESSURE

U\ : :
DESIGNED MINIMUM PRESSURE+HYDRAULIC pressurt” VU VYUY AANAAMAMAT

SEC_SOL
CURRENT
CORRECTION
AMOUNT

TARGET VALUE OF

PHASE DIFFERENCE | __ _______ O Y
BETWEEN b .

SEC PRESSURE | / %
OSCILLATION AND =" i >

Ratio OSCILLATION t1  time

28



EP 2 426 382 A1

1) 3) 1)
Tra NORMAL RETURNING TO NORMAL
CONTROL ! (2)BSC  NORMAL GONTROL , CONTROL
TORQUE hmn’i‘ o B >

AMOUNT !
(R IPER 181D DRIVER REQUEST TORQUE |

TORQUE LIMIT AMOUNT \\ R R

ACTUAL
TORQUE

t5 TORQUE CAPACITY t6

29

> fime



FI1G.14

FIG.15

FIG.16

TARGET INERTIA TORQUE

TARGET PRIMARY REVOLUTION

TARGET VARIABLE SPEED RATIO

EP 2 426 382 A1

_.-WITHOUT LIMITATION

WITH LIMITATION

WITHOUT
LIMITATION

TIME

WITHOUT
LIMITATION

TIME

30



EP 2 426 382 A1

JN0Y0L 14VHS JATNHA

JN0YOL VILYANI

J0YINOD TVIRHON NI JLVY AYVION Idd 139Vl

INIWIQOSNI 1SY1d NI 3LVY AYYIO0N 1dd 139¥¥1 — 20VY ANVLOM 130WVL

m —! Inoio z_ﬁzzsd
IN0¥OL 1SN0 ¥IAING . ST 089 40 ON3 |

JOYINOGD TVIRHON NI 3ISNOJSFY IN0¥0L TYNLOV
IS4 A9 3SVIUO3A INDY0L yAL4V ISNOJSIY INDYOL NIV

JN0Y0L INTONI

T T T T T TIT I I L L L e

- ot >
“TOYINOD TTVINMON NV TYWON 01 NiNL3y«<90sd > osd
TYWON 01 NYNL3y 939 40 QNI

LT DIA

31



EP 2 426 382 A1

FIG.18

START
(DISCONTINUATION OF BSC CONTINUATION )

v

S546—

CHANGE TIME CONSTANT ON NORMAL
TO TIME CONSTANT ON RETURN

y

S547 —

CALCULATION OF TARGET
PRIMARY REVOLUTION

VARIABLE SPEED CONTROL BASED
ON TARGET PRIMARY REVOLUTION

S549

COMPLETION
OF VARI AgLE SPEED

S550—

RETURN TIME CONSTANT ON RETURN
TO TIME CONSTANT ON NORMAL

y
END
(NORMAL_CONTROL)

32




EP 2 426 382 A1

i
I
{

J0YLNOJ TVWYON NI
¢ INAN1Q0aN3

<C
o
[a -
L
=

IVIRYON NO INVISNOD JH]1

(¢ INIWI00W3) AY13Q 3SNOISIY 3nD¥OL TYALIY A0 -
NOILYY3IQISNOD NI INYLSNOJ W11 _

; TVIRHON NO 0114 (33dS !

i J1GYI¥VA 1308Y1

A130 35N0dSI4 3nbH0L ALY 40 01LvY @33dS 37aVIHVA

NOILYY3QISNOD NI O11VY (33dS TIaVINVA 1304V
! JNOYOL NIVINIVA—

OILVY (33dS TIGYIYVA INGNIVLLY  3nOXOL} LSINO3Y M3AING- 034 40 ON3 1V
TOYINOD TVIWYON NI 3SNO4S3H u:gmog TYNLOV

0S4 A9 NMOQ 3NOY0L Y314V ISNOJSIFY INOY0L TVALOV ~—~

INLSNOO 3WIL (33dS F19VIavA

~
~
~,

3N0Y0L ANTONA

- -t S

TOYINOD TVINHON NV TVNON OL Ndnl13y«<-os9 NV JS4

61 DIA

TVWON 01 Nini3y 989 40 QN3

33



EP 2 426 382 A1

FIG.20

START
(BSC CONTINUATION TERMINATION)

<

v

HOLDING OF VARIABLE|
S551 SPEED RATIO

S552

NO
QF SET TIME2

YES
END
QNORMAL CONTROLD

34



EP 2 426 382 A1

(AV130 (33dS 379VINVA ¥3L4V) O1LVY 1304yl
TYHYON NO O1LVY 1394V

011VY (434S F19VINVA

JN0YOL NIVINIVN—

¢ ININIQOGNT NI \

3N0Y0L 1SINDFY ¥IATHA ~_
TOYINOD TVIRHON NI ISNOJS3Y IN0¥0L TWnLdY

3N0Y0L INIONA

A

-t

TTOYINOD TVIRYON NV TVNON 0L N¥ni3y<0sq
TVIWON 0L NunlL3y

e DIA

.M. 7sg

0S4 40 aNd

35



EP 2 426

INTERNATIONAL SEARCH REPORT

382 A1

International application No.

PCT/JP2009/058477

A. CLASSIFICATION OF SUBJECT MATTER
F16H61/02(2006.01)1,

F16H61/662(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16H61/02, F16H61/662

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2009

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Kocho
Toroku Jitsuyo Shinan Koho

1996-2009
1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WO 2009/007450 A2
15 January, 2009
Full text; all

(Family: none)

(15.01.09),
drawings

JP 2006-511765

B.V.),

06 April, 2006

Full text; all

& EP 1818572 Al

A

(06.04.06),
drawings

JP 2006-511766 A
B.V.),

06 April, 2006 (06.04.06),
Full text; all drawings

& EP 1698805 A2

(ROBERT BOSCH GMBH) ,

(Van Doorne's Transmissie

(Van Doorne's Transmissie

1-11

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
30 July, 2009 (30.07.09)

Date of mailing of the international search report
18 August, 2009 (18.08.09)

Name and mailing address of the ISA/
Japanese Patent Office

| Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

36




EP 2 426 382 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2009/058477

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2003-65428 A (Toyota Central Research and
Development Laboratories, Inc.),

05 March, 2003 (05.03.03),

Full text; all drawings

& US 2002/0155910 Al & EP 1236935 A2

JP 2004-358999 A (Toyota Motor Corp.),
24 December, 2004 (24.12.04),

Full text; all drawings

(Family: none)

1-11

Form PCT/ISA/210 (continuation of second sheet) (April 2007)

37




EP 2 426 382 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2009007450 A2 [0003] » EP 2008059092 W [0003]

38



	bibliography
	description
	claims
	drawings
	search report

